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Google  Earth® provides  free  access  to satellite  images  and  has  been  used  in  several  areas  that
require cartographic  information.  The  present  study  assessed  the  inconsistencies  between
geo-referencing  of  livestock  premises  by  GPS  and  the  acquisition  of  geographic  coordinates
by remote  sensing  (RS)  images  provided  by  Google  Earth® in  the  Brazilian  states  of  Bahia,
Distrito  Federal,  Minas  Gerais  and Parana.  The  overall  mean  and  standard  deviation  of the
distances  in the  study  were  30.98  ±  19.89  m. The  mean  distance  differences  between  theisease control
eo-referencing
oogle Earth® , Remote sensing
two techniques  were,  for  these  states,  37.20  ±  19.75  m,  28.38  ±  17.38  m,  31.61  ±  15.72 m,
28.43  ± 24.30  m,  respectively.  Despite  the  fact  that  there  is  variation  between  the  geo-
referencing  points  using  GPS  and  RS, geographical  localization  of  health  inspections  should
be useful  as  long  as  the  errors  between  the  results  of the  two  methodologies  are considered.. Introduction
When investigating the inﬂuence of environmental
nd demographic characteristics on Foot and Mouth Dis-
ase (FMD) distribution, Málaga (1976) found that the
emporal risk was directly related to animal movement.
eo-referencing has been recommended as a tool on
hich to base decisions in animal health programs, as
ell as to reduce costs and minimize the impact of a
isease incursion (Morris et al., 2002) using the example
f FMD. The motivation for this study was the develop-
ent of a national database, including geo-referencing,
hich greatly enhances the power for decision-support
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tools that can be applied as soon as a serious infec-
tious threat is detected. These tools include procedures
to detect infected herds promptly, to protect uninfected
farms against virus exposure and also to manage control
policies.
Any object has its geographic localization established
when it can be described in relation to other objects whose
position is known or when its location is determined by a
system of coordinates (D’alge, 2004). The Brazilian Ministry
of Agriculture, Livestock and Food (MAPA) requires that all
properties in Brazil with livestock have at least one point
on the property geo-referenced (Brasil, 2009a).
Nevertheless, according to information from the
coordination for FMD  (CFA/MAPA) and questionnaire
responses from the Animal Health Executor Agencies
Open access under the Elsevier OA license.(OESA) of the Federative Units in Brazil, in Octo-
ber 2009 there were 2,701,141 livestock farms units
in Brazil but only 647,304 (24%) had geo-referencing.
This had been carried out mainly in high risk areas,
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such as borders between zones with different sani-
tary and health conditions or with other countries,
as well as industrial poultry farms which were geo-
referenced in the National Program for Poultry Health
(PNSA).
Geo-referencing of livestock operations in Brazil is car-
ried out for MAPA using “positioning by point” with farm
buildings such as management corral, sheds or farmhouse
of the property in sight, and the geographic point obtained
using a GPS according to MAPA instructions (Brasil, 2009b).
Brazil is the world’s ﬁfth largest country, both by area and
population, with a total area of 8,514,877 km2 (Skidmore,
2003). Of the 1.98 million km of roads, only 184,140 (9.3%)
km are paved.
The difﬁculties faced in geo-referencing rural properties
in Brazil can be seen in the case of Pará State, where the
implementation of the program “Boi Guardião” of MAPA
in partnership with the Agency of Agricultural Defense
in Pará (ADEPARÁ) led to the geo-referencing of 14,731
farms in the municipalities of São Félix do Xingu, Ourilân-
dia do Norte, Tucumã, Marabá and Eldorado dos Carajás
in the south of the State. The cost of this was R$ 674,276
(£253.000) or on average R$ 45.77 (£17) per property. This
could only be done outside the rainy season, during which
it was impossible to reach properties by road or other ter-
restrial means except horses (Pará, 2010).
Orbital remote sensing (RS) consists of a system of data
collection on the earth from sensors located on satellites
(Mariano Júnior, 2006). When using images obtained by
RS the users have to be conscious of the precision lim-
its and applications of the coordinates obtained (Lima et
al., 2009), because the image may  hide geometric distor-
tions which reduce spatial precision of the information.
Excellent systems are often available in which the geomet-
ric quality of the information contained is unknown (Galo
and Camargo, 1994). A cartographic base without quality
can be an important source of failure with Geographical
Information Systems (GIS) (Santos et al., 2008).
With technological improvements there has come an
increase in number of users without specialization in car-
tography. The precision or tolerance necessary depends
on the use of geo-referenced data, so it is important to
know the quality of the cartographic product used. Some
comparisons between the data collected by SR, GPS and
conventional cartography concluded that an excellent pre-
cision is not necessary (Trentin, 2008; Silva and Nazareno,
2009) for the activities involved in animal sanitary defense.
Therefore, the use of orbital images may  be an option for
geo-referencing farms for most of the actions carried out
by animal sanitary defense in Brazil.
The software “Google Earth®” makes public access to
satellite images possible (Simon and Trentin, 2009). This
system joins together maps based on images with the
capacity to navigate. The whole planet is covered by
coloured medium resolution images derived from satellites
with some areas covered by high resolution orbital images
and others by aerial photographs (Ur, 2006). Google Earth®has already been used as a tool in disease control by Chang
et al. (2009) who used the images for development of a
Geographical Information System (GIS) for dengue surveil-
lance in developing countries. Google Earth® now hostsary Medicine 103 (2012) 74– 77 75
high-resolution imagery that spans twenty percent of the
Earth’s landmass and more than a third of the human
population. This contemporary high resolution archive rep-
resents an important, rapidly expanding, cost-free and
largely unexploited resource for scientiﬁc inquiry (Potere,
2008). In this study, the aim was  to evaluate the use of
remote sensing as a tool for geo-referencing livestock prop-
erties to aid in health control in Brazilian farms.
2. Materials and methods
In the present study, 240 properties were randomly
selected but 42 were discarded because of errors in the
point register, in the name of the property, if the datum
for geo-referencing used was  not registered or if the coor-
dinate was found in a place different from the farm being
studied. This was possible using the coordinates obtained
by GPS with Google Earth®.
Existing geographical coordinates were used from the
register of 198 livestock properties compiled by the Local
Veterinary Units (UVL) of OESA. These were randomly
selected from the Federative Units of the Federal District
(DF), Minas Gerais (MG), Paraná (PR) and Bahia (BA). The
properties were geo-referenced by technicians from the
UVL using point positioning with GPS equipment models
“Garmin Etrex Vista ®” and “Garmin LX®” which have a
factory error of 3–5 m.
At the time of GPS recording on the properties one of
the following three points was observed: main door of the
farmhouse, management corral or main gateway to the
property when access to building and installations was  not
possible. These properties were located on images from
Google Earth®, created between January 10 and May  1,
2010.
The geodesic topocentric reference of datum SAD69
(South American Datum 1969) was  used for referenc-
ing the points collected by GPS on the farms when the
properties were registered by OESA. These coordinates
were transformed to the geodetic geocentric of datum SIR-
GAS2000 (Geocentric Reference System for the Americas)
using the references of IBGE (Brazilian Census Bureau) res-
olution No. 1, of 25th February 2005 which are part of
the ofﬁcial standardization system for transformation of
geodetic references of the IBGE (TCGEO). The datum used
by Google Earth® is WGS84 (World Geodetic System 1984).
Because the values from this datum are compatible with
SIRGAS2000 (BRASIL, 2005), no transformations were car-
ried out. The distances between the geo-referenced points
by GPS and images on the same properties were calcu-
lated. The comparison between the east (E) and north (N)
points were compared using the UTM coordinates and
those obtained by GPS and remote sensing and the vector
obtained using Pythagoras Theory.
Statistical analysis of the discrepancies between the
observed coordinates on land with GPS and those extracted
from Google Earth® was  carried out using Student’s paired
t-test in the program SAEG (Sistema de análises estatísticas
e genéticas, 1997) after standardization using log transfor-
mation. Data were tested for normality using the Univariate
procedure of SAS®.
76 L.F.R. Carvalho et al. / Preventive Veterinary Medicine 103 (2012) 74– 77
Table 1
Means distances and standard deviations between coordinates observed on land using GPS and homologous positions from Google Earth® .
FU n Vector east north (m)  East (m)  North (m)
X S X S X S
DF 35 28.378 17.386 −6.911 21.272 4.034 24.312
MG  71 31.608 15.721 2.943 25.686 −4.375 23.636
PR  60 28.423 24.299 14.361 19.873 −7.697 27.164
BA  32 37.198 19.744 −4.385 28.495 0.443 30.69
n t; DF, Di
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, number; X, mean; S, standard deviation; m,  meters; FU, Federative Uni
. Results and discussion
The total number of livestock properties geo-referenced
nd the differences found between geo-references by
oint positioning using GPS and Google Earth® images
y remote sensing in the Distrito Federal, Minas Gerais,
araná and Bahia States are shown in Table 1. The dis-
repancies between the two methods was on average
0.98 ± 19.89 m.  This is higher than those found by Lima
t al. (2009) and Oliveira et al. (2009) who found differences
etween Google Earth® images and GPS of 20.90 ± 1.44 m
nd 7.49 ± 6.74 in urban areas of the municipalities of
tajubá-Minas Gerais State and São Leopoldo-Rio Grande do
ul State, respectively. Control points are easier to locate in
rban areas. In the case of São Leopoldo municipality, dif-
erential GPS (DGPS) was  used which reduces the predicted
rror in obtaining coordinates.
In the present study, no analysis of the pattern of car-
ographic accuracy developed by Galo and Camargo (1994)
as carried out because the single point positioning tech-
ique of GPS is not used where cartographic accuracy
s necessary, only where low precision navigation and
urveys (Ishikawa, 2001). Comparing the two forms of posi-
ioning, there was a signiﬁcant difference between the
wo points (p < 0.01) in both the North and East directions.
ccording to Galo and Camargo (1994),  the systematic dif-
erences can be caused by several factors, such as dynamic
lterations of altitude and velocity of the satellite, as well
s drag and variation in available time for sweeping during
mage capture of a scene (Ishikawa, 2001). There is also a
onsiderable source of discrepancies in point positioning
sing GPS to obtain coordinates on land (Monico, 2000).
evertheless, in the present case, an important source of
iscrepancies was a lack of standardization of the exact
oint of collection for geo-referencing the properties, using
oth GPS or RS. There was no register of when the geo-
raphical reference was the corral, farm gate or farmhouse
oor as deﬁned by MAPA (Brasil, 2009a).  Another problem
as the difﬁculty in deﬁning which building is the farm-
ouse or corral and what is its orientation. In the present
tudy, the deﬁnition of the farmhouse could be presumed to
e one building when collecting data by GPS and another
hen geo-referencing by satellite, resulting in a discrep-
ncy of 52.62 m between the two measurements. Silveira
t al. (2005) noted that the choice of points to geo-reference
ere important in the reduction of discrepancies in these
ases.
According to Bueno et al. (2009),  the use of geographic
nformation without recognised cartographic quality may3.477 25.214 −3.117 26.499
strito Federal; MG,  Minas Gerais; PR, Paraná; and BA, Bahia.
aid in certain activities that have to be carried out in the
ﬁeld. There are important examples on the usefulness of
maps for animal health purposes which do not meet Brazil-
ian cartographic rules such as the localization of farms by
veterinarians. One of these was the eradication of African
Swine Fever in Brazil, in which the maps used were made
by the veterinarians involved in the eradication campaign
from 1978 to 1984 (Moura et al., 2010). In the analysis of
risk factors for brucellosis dissemination in São Paulo State,
the properties were located using geo-referencing by point
GPS (Dias, 2004). These studies achieved their goals, show-
ing that the necessary precision of the geo-referencing of
farms for animal health and cost of these actions was  ade-
quate.
Lozano-Fuentes et al. (2007) concluded that the com-
bination of free mapping tools and free or low-cost GIS
software has tremendous potential for use in Decision
Support Systems to facilitate control of arthropod-borne
diseases in resource-poor environments. Basic GIS data can,
if lacking, rapidly be generated at minimal cost from satel-
lite imagery and mapping tools available through Google
Earth®.
Extrapolating the cost per property geo-referenced in
Pará State (PARA, 2010) to obtain geographic coordinates of
the 2,053,837 properties registered in the OESA and with-
out existing geo-referencing in Brazil, the cost is estimated
to be R$ 94,004,119 (£35 million). In some situations sim-
ilar results may  be obtained using RS, with lower costs,
faster results and at any time of the year. If the real costs
of GPS position collection were calculated, i.e. including
salaries, vehicle maintenance, gasoline costs, these values
would be considerably higher, possibly double or triple of
those estimated. In this way, a remote system in which
travel by animal health technicians could be minimized
could save considerably in terms of costs and time, espe-
cially in a country such as Brazil with its continental size
and lack of infrastructure to quickly reach isolated rural
areas by road.
The main uses of geographical localization by the OESA
are identiﬁcation of best access routes, identiﬁcation of
neighbouring livestock properties, localization of sources
of disease and establishing the movement of animals
between regions. As the mean size of properties in Brazil
is 63.75 ha (Brasil, 2007) and the smallest is 2 ha (da Silva,
2001), even with a discrepancy of 31.0 ± 19.9 m currently
found here, it should be possible to correctly identify
livestock properties as long as the collection point for geo-
graphic coordinates is not at the edge of the property.
This is possible to identify on most of the available images
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especially due to the number of high resolution spa-
tial images found for Brazil at present on Google Earth®
(Trentin, 2008).
4. Conclusions
Remote sensing for locating livestock properties in
Brazil using Google Earth® is a viable alternative in regions
where the local technicians know of these properties and
the main use about the information is routine animal health
actions.
In geo-referencing using remote sensing for locating
rural properties it is important that the coordinate is pref-
erentially obtained in a well deﬁned location away from
the property limits.
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